Introduction
In the last 30 years, the HIV/AIDS epidemic has emerged as one of the major challenges for the world, going from a relatively small problem in the 1980s to one of the leading causes of mortality and burden over the last decade [1] [2] [3] . The global trend is towards a larger and larger share of disease burden coming from noncommunicable diseases and injuries; however, HIV/AIDS is a dramatic exception [2] [3] [4] . Mortality and burden from HIV/AIDS increased steadily until around 2004, against the general trend of declining infectious disease burden. The HIV/AIDS epidemic has been truly global with 186 countries reporting HIV cases or deaths in 2012 [5, 6] .
Substantial concerted global action has emerged around the HIV/AIDS epidemic. New institutions have been formed: UNAIDS in 1996 [7] and the Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM) as well as the US President's Emergency Plan for AIDS Relief (PEPFAR) in 2002 [8, 9] . These new global actors with substantial commitments to HIV/AIDS have been, along with many other nongovernmental programmes, key in raising national policy awareness in many affected countries and in scaling up access to antiretroviral therapies (ARTs) [10, 11] . In 2011, eight million HIV-positive people received ARTs (a 20-fold increase since 2003), translating into 54% of all eligible people in low and middle-income countries [5] . Expansion of ART coverage is likely to have contributed to the reversal of the global trend in HIV/ AIDS mortality. Successful scale-up of ARTs and the progress in reducing HIV/AIDS mortality have sparked excitement in the global community, and ambitious goals have followed [12] . In 2011, UNAIDS released its 'Getting to Zero' campaign with a vision that entails a future generation with 'zero new HIV infections, zero discrimination and zero AIDS-related deaths' [13, 14] .
Many factors have contributed to the achievements of the global response to the epidemic; new financial resources are likely to have been critical. Between 2002 and 2010, development assistance for health (DAH) targeted for HIV/AIDS increased from US$1.4 billion to US$6.8 billion (385.7%) [15] ; and this does not include the substantial funds spent by low-and middle-income countries themselves [13] . Since 2010, however, levels of DAH have stagnated, as the long-run effects of the global financial crisis become apparent in the budgets of highincome countries. Because of the success of ART programmes and the continued evolution of the epidemic, the numbers of individuals who need ARTs will continue to rise steadily [5] . Increasing need for resources for HIV/ AIDS programmes in the context of flat-line budgets is also happening in parallel with renewed attention to other health problems such as child mortality, maternal mortality and more recently noncommunicable diseases [15] .
Maintaining and expanding the response to the HIV/ AIDS epidemic will require continued emphasis on quantifying the magnitude of the impact of the epidemic in each country. UNAIDS and the WHO provide biannual assessments of the epidemic in terms of incidence of new infections, the prevalence of people living with HIV and deaths from HIV/AIDS for the vast majority of countries [5, [16] [17] [18] . These analyses have been invaluable in garnering policy attention and response. The financial needs of HIV/AIDS programmes during a period of stagnant DAH levels highlight the importance of tracking the HIV/AIDS epidemic in the context of other health problems. At the national level, understanding the importance of the HIV/AIDS epidemic and its trends is facilitated by measuring the burden of disease in units that allow comparison with other major conditions. Comparable metrics of disease burden provide much-needed information on where the epidemic remains one of the dominant causes of health loss and where the burden is still rising despite progress in many countries [19] .
The Global Burden of Disease Study 2010 (GBD 2010) [1] [2] [3] [20] [21] [22] [23] [24] [25] provides a comprehensive coherent view of the magnitude of 291 diseases and injuries from 1990 to 2010 for 187 countries. GBD 2010 uses a consistent set of definitions, approaches to data and methods to quantify health loss from all these diseases and injuries [21] . Multiple metrics are used to compare conditions, including death numbers, age-specific mortality rates, years of life lost due to premature mortality (YLLs), years lived with disability (YLDs) and disability-adjusted life years (DALYs). DALYs are a summation of YLLs and YLDs and serve as an overall metric of disease burden. In this study, we use GBD 2010 to understand the magnitude of the HIV/AIDS epidemic at the national level, in the context of all other major health problems, and how it has been changing over the last two decades.
Materials and methods
The data, efforts to improve the quality of the data and modelling strategies used in the GBD 2010 study are described in detail elsewhere [1] [2] [3] [20] [21] [22] [23] [24] [25] . For GBD 2010, mortality estimates were generated for 235 diseases and injuries, 187 countries, 20 age groups, both sexes and three decades , whereas DALY estimates were generated for 291 causes of burden, 21 regions, 20 age groups, both sexes and 3 years (1990, 2005 and 2010) . In this study, we provide a synopsis of the HIV/AIDSspecific methods used in GBD 2010. To derive estimates of HIV/AIDS burden and mortality, we relied upon UNAIDS' 2012 prevalence estimates, mortality estimates derived from quality vital registration sources as well as UNAIDS' 2012 mortality estimates, and GBD 2010 disability weights (DWs). HIV/AIDS DALYestimates are presented here for the first time for 187 countries.
We collaborated with UNAIDS to derive our causespecific mortality estimates. This collaboration resulted in the use of a hybrid modelling method that selected mortality estimates from either the Cause of Death Ensemble model (CODEm) or UNAIDS 2012 revision estimates on a country-by-country basis [1] . CODEm, which was designed to develop ensembles of bestperforming models, is the cause of death modelling approach that was used for a majority of the diseases and injuries in GBD 2010 (see Foreman et al. [26] for more detail.) For 33 countries with complete and high-quality vital registration systems, we used CODEm (Table 1) . For the remaining countries, cause of death data are not sufficient for analysis because either there are few deaths recorded or there is a systematic misclassification of deaths in vital registration or verbal autopsy studies. For these countries, estimates of HIV/AIDS mortality with uncertainty by age and sex were provided directly by UNAIDS from their 2012 revisions in May 2011. For Thailand and Panama, the UNAIDS 2012 estimates we received were dramatically higher than UNAIDS' 2010 estimates and were inconsistent with our all-cause mortality evidence; for these two countries, we used UNAIDS' 2010 revision estimates. Uncertainty in cause of death model predictions has been captured using standard simulation methods by taking 1000 draws for each age, sex, country, year and cause [1, 27] .
A key part of the GBD 2010 cause of death estimation strategy is to enforce consistency between the sum of cause-specific mortality and independently assessed levels of all-cause mortality derived from demographic sources for every age-sex-country-year group (see Wang et al. [22] for details on the all-cause mortality analysis.) Uncertainty in every GBD 2010 cause of death model outcome had to be taken into account because some causes are known with much greater precision than others. To enforce consistency, we used a simple algorithm called CoDCorrect; at the level of each draw from the posterior distribution of each cause, we proportionately rescaled every cause such that the sum of the cause-specific estimates equaled the number of deaths from all causes (see Lozano et al. [1] for more details on CoDCorrect.) Estimates of HIV/AIDS mortality in a given country were proportionally adjusted less than other causes except where estimated HIV mortality in an age-sex group was greater than all-cause mortality, as there is less uncertainty surrounding the initial estimates (provided in large part by UNAIDS) than most other causes.
To calculate DALYs attributable to HIV/AIDS, HIV/ AIDS-specific YLLs and YLDs were computed and then summed together. YLLs are computed by multiplying the number of deaths at each age x by a standard life expectancy at age x [28] , and YLDs are the product of prevalence times the DW for a particular disease sequelae [3] . DWs are scaled from 0 to 1 and represent the severity of health loss associated with that health state. A value of 0 implies that a health state is equivalent to full health, and a value of 1 implies that a state is equivalent to death (see Salomon et al. [23] for more detail). In GBD 2010, HIV/ AIDS has five unique YLD sequelae, each with their own DW. The HIV/AIDS-specific disease sequelae are HIV disease resulting in mycobacterial infection (DW of 0.399), HIV pre-AIDS asymptomatic (DW of 0.051), HIV pre-AIDS symptomatic (DW of 0.221), AIDS with antiretrovirals (DW of 0.053) and AIDS without antiretrovirals (DW of 0.547) [23] . UNAIDS 2012 prevalence estimates were used to calculate HIV/ AIDS-specific YLDs and these were disaggregated into the various HIV/AIDS sequelae using the fraction of tuberculosis (TB)-HIV reported in WHO TB case notifications, data on antiretroviral coverage from PEPFAR, GFATM and UNAIDS, and UNAIDS CD4 cell count data [29] .
In GBD 2010, uncertainty in DALYs by cause reflects uncertainty in YLLs and YLDs [2] . Uncertainty for HIV/ AIDS-specific YLLs encompasses uncertainty in the levels of all-cause mortality in each age-sex-country-year [22] as well as uncertainty in the HIV/AIDS mortality estimation for that age-sex-country-year [1] , whereas uncertainty for HIV/AIDS-specific YLDs comes from the uncertainty surrounding the 2012 revision prevalence estimates provided directly by UNAIDS. Comorbidity is taken into account in the GBD 2010 by using all prevalence data and running a microsimulation for each country age and sex group [3] . Within each country for each time period, leading causes of DALYs have been computed and ranked. Ranks are calculated at the draw level and means are taken from these ranks. Mean ranks for all causes are compiled and sorted and then rank integer values are assigned. 17%. The decline in HIV/AIDS mortality reflects both declining incidence in some settings and the impact of the rapid scale-up of ART in some countries with large epidemics [30] . This figure does not put the magnitude of the HIV/AIDS epidemic in context. Figure 2 shows the leading causes of disease burden measured using DALYs in 1990 and 2010. HIV/AIDS was the 33rd most important cause of burden in 1990 and has increased dramatically to the fifth leading cause of disease burden in 2010. In absolute terms, the burden of HIV/AIDS increased during that period by 354%. To add further context, from 1990 to 2010, global YLDs from HIV/AIDS increased by 109.4%, compared with a 2.5% increase in YLDs from all causes [3] , while global age-standardized mortality from HIV/AIDS increased by 258.4%, compared with a 21.5% decline in global age-standardized all-cause mortality during this same period [1, 22] . Table 2 shows the number of DALYs due to HIV/AIDS for each country, the percentage of disease burden and mortality in each country attributable to the epidemic, the percentage of the global HIV/AIDS burden present in that country, the percentage decline from peak HIV/AIDS mortality to present and the rank of HIV/AIDS compared with other leading burden causes at the country level.
Results
Although HIV/AIDS is a global epidemic, a majority of the disease burden is concentrated in a handful of Furthermore, although global HIV/AIDS mortality has been steadily decreasing since 2006, it has actually been on the rise for 98 countries during this same period ( Table 2 ).
The rank of HIV/AIDS among the leading causes of DALYs has generally increased over time to reflect the epidemic's progression; however, the change in the rank of HIV/AIDS DALYs has been more pronounced in some regions than others. In 1990, HIV/AIDS ranked as the third leading cause of DALYs in Southern subSaharan Africa, but did not even make the top 100 leading DALY causes in South Asia where it ranked 122nd ( Fig. 6a, b) . From 1990 to 2010, HIV/AIDS increased in the ranks of leading DALY causes for both of these regions and for other regions across the globe. The rate of increase in rank and relative HIV/AIDS burden impact, however, is again variable by region. In 2010, HIV/AIDS became the leading cause of DALYs in southern sub-Saharan Africa (having increased 1065% since 1990) but only ranked as the 17th leading burden cause in South Asia. Although the burden rank for HIV/AIDS may be lower in South Asia, the percentage change from 1990 to 2010 is nearly five-fold greater than the percentage change in southern sub-Saharan Africa during this period (4761% change for South Asia). The number of DALYs in southern sub-Saharan Africa compared with South Asia in 2010, however, is 1.63 times greater.
Discussion
From 1990 to 2006, the burden of HIV/AIDS increased dramatically at the global level. Likely due to a combination of declines in incidence, massive scale-up of ART coverage [5, 30, 31] and rising coverage of PMTCT [32] , the burden of HIV/AIDS has declined in the last half decade. Along with a few other interventions, such as bed nets for malaria [33] [34] [35] , the scale-up of interventions for HIV/AIDS, particularly ART, stands as one of the extraordinary success stories for global health [5] . Clear and compelling links between donor funding for ART programmes and scale-up provide an excellent case for the impact of some DAH [36, 37] . Because HIV/ AIDS is concentrated in young adults and in selected countries, the burden, however, remains high even in some countries with marked ART scale-up. GBD 2010 provides a unique opportunity to see HIV/AIDS in context. Despite progress, the message is clear: HIV/ AIDS is not gone. In 2010, the epidemic remains the number one cause of burden in 21 countries and the number two cause of burden in seven others. Further, HIV/AIDS mortality continued to increase from 2006 to 2010 in 98 countries. Although many of these countries have small epidemic burdens, greater attention and allocation of resources may need to be directed in these settings.
A number of countries with large epidemics in Eastern and Southern Africa have seen substantial declines in HIV/AIDS mortality, such as Rwanda, Botswana and Zimbabwe (83.1, 74.0 and 47.5% decline in mortality from peak to present, respectively, Table 2 ). What this means is that, in 2005, 68.7% of global HIV/AIDS burden was in countries where HIV/AIDS is the leading or second leading cause of the burden of disease, and in 2010, this has been reduced to 59.4% (Fig. 5) . It is likely easier to maintain policy focus and strong political engagement in the management of HIV/AIDS prevention and treatment programmes in settings where the disease is a truly dominant problem. Demographic and epidemiological trends, however, suggest that we should expect a larger share of the global burden of HIV/AIDS to occur in countries where HIV/AIDS is not a dominant or necessarily leading health problem. For example, HIV/AIDS may contribute to a relatively small fraction of a country's total disease burden but a large fraction of the global HIV/AIDS burden. In 2010, India's HIV/AIDS DALYs accounted for 11.4% of global HIV/AIDS DALYs and only 1.8% of the country's total burden (Table 2) . By comparison, diarrhoeal diseases and ischemic heart diseases accounted for 5.2 and 5.1% of India's total DALYs, respectively, in 2010, making it challenging to sustain sufficient priority for HIV/AIDS programmes [38] . The global HIV/AIDS community will need to garner attention on the epidemic increasingly in settings where it is not a nation's dominant health problem. Several studies have shown the future savings in healthcare resources that can occur if low-burden countries invest in HIV/AIDS prevention now [39] [40] [41] [42] . This may require different political and technical strategies moving forward.
We worked collaboratively with UNAIDS to generate our HIV/AIDS mortality and prevalence estimates for GBD 2010; however, there are three main methodological differences that are important to note because they result in variations between GBD 2010 and UNAIDS' published 2012 country year specific estimations [43] [44] [45] [46] [47] . First, on the basis of our discussions with UNAIDS [48] , for a number of countries with highquality vital registration data, we have based our assessments on those sources rather than epidemic models. Many of these countries are high-income, but they also include Uruguay and a number of Caribbean countries (Table 1) . Second, for Thailand and Panama, we used UNAIDS 2010 assessments rather than their 2012 revision assessments because of the large divergence between national sources such as vital registration and the 2012 assessment. Since GBD 2010 was published around the same time as the UNAIDS 2012 report, the UNAIDS 2012 revision estimates used in GBD 2010 were preliminary [16] . As a result of the UNAIDS and GBD 2010 collaboration, several of the preliminary UNAIDS 2012 mortality estimates were adjusted; given the frequency of updates and methodological advances, tracing the evolution of specific country estimates across different sources was challenging. Thailand and Panama are examples of countries that were significantly adjusted after our exchange; however, these adjustments did not occur in time for inclusion in GBD 2010 [5, 47] . Other countries that were significantly adjusted after our exchange and could not be included in GBD 2010 include Brazil, Central African Republic, Ethiopia and Haiti [5] ; we are currently working with the UNAIDS Reference Group on Estimates and Projections to resolve these differences.
The most significant difference in the GBD 2010 and UNAIDS 2012 mortality methodologies, however, was that we made our final HIV/AIDS mortality estimates fit within all-cause mortality estimates on the basis of independent demographic sources. This is fundamentally different from the UNAIDS single-cause modelling approach, which assumes that the data sources used for modelling HIV/AIDS mortality are sufficiently robust to obviate the need for any postestimation review. The empirical basis for assessing the HIV/AIDS epidemic in many countries, however, is rather weak; the number of antenatal care clinics that report data is small and the agesex specific progression assumptions used in Spectrum, the UNAIDS modelling platform, have a very large impact on the production of their HIV/AIDS mortality estimates [45] [46] [47] . On the contrary, demography and the measurement of mortality in populations have a substantially longer history than descriptive epidemiology, certainly for HIV/AIDS. As a result, there are often more datasets available to estimate all-cause mortality, especially for those countries most affected by the epidemic [49] . In most countries, uncertainty intervals for total mortality are considerably smaller than for any significant cause of death, giving us greater faith in these estimates over any cause-specific estimate and thus validating the necessity of the all-cause mortality adjustment [50] .
As the all-cause mortality fit is based on uncertainty surrounding the cause-specific estimates [1] , this analytical step had a greater impact on causes with large uncertainties surrounding their estimates. For example, the average percentage change over the years in the HIV/ AIDS mortality estimates before and after the all-cause mortality adjustment for Nigeria and Cuba were À26.1 and À0.2%, respectively. Of the 187 countries for which HIV/AIDS mortality estimates were generated, 24 countries were adjusted by more than 20% on average across the years and two countries did not have overlapping confidence intervals with the original UNAIDS estimates after the all-cause mortality adjustment (Bahamas and Zimbabwe). If there is a bias at present in the analysis, our major concern is that, due to the underestimation of HIV/AIDS uncertainty by UNAIDS in some key countries, other GBD 2010 causes are inappropriately adjusted more. As a result of these three main methodological differences, UNAIDS does not necessarily support the HIV/AIDS mortality estimates published in the GBD 2010 study. It is important to note, however, that despite numeric differences between GBD 2010 and UNAIDS' 2012 estimates, uncertainty intervals are overlapping at the global level and, more importantly, show similar trends in HIV/AIDS mortality over time [50] .
There are some countries where the HIV/AIDS estimates are still particularly unreliable. For the most part, these are countries with mediocre vital registration systems and concentrated epidemics that are very sensitive to estimates of the population at risk (e.g. Russia and Colombia). Due to the nature of these epidemics, the number of HIV/ AIDS deaths captured in the vital registration systems are low and, thus, the UNAIDS 2012 estimates for these countries are significantly above the country-recorded HIV/AIDS deaths. The use of UNAIDS HIV/AIDS estimates for these countries in GBD 2010 resulted in surprisingly large HIV/AIDS burdens when compared with other causes. For example, HIV/AIDS ranked as one of the top four leading causes of DALYs in 2010 for both Colombia and Russia (Fig. 3 ). Other countries with a similar HIV/AIDS estimation problem include Guyana, Suriname and Venezuela, as well as Estonia, Latvia and Lithuania. In these cases, further work is needed to understand the marked divergence between different modelling approaches.
Given the importance of sustaining the efforts to counteract the HIV/AIDS epidemic, it will be important to continue tracking the magnitude of the HIV/AIDS epidemic and also its importance relative to other diseases and injuries. The GBD 2010 effort will be continued and can provide regular updates of the burden of disease at the national level. This will provide a mechanism to incorporate new data on HIV/AIDS as well as other diseases and injuries and levels of all-cause mortality as they become available. We believe that the best science and data should be brought to bear on the estimation of each disease, injury and risk in each country. Although the engagement of local scientists, whether in government or not, can improve science, this can also stagnate and bias modelling efforts due to the politics surrounding these estimates. Unlike the UNAIDS bi-annual effort, the GBD work does not require agreement with countries; the science of measurement and the politics of measurement are kept distinct. UNAIDS has spearheaded major advances in HIV/AIDS surveillance and modelling. In some cases, however, the political requirement to consult with ministries of health has meant that estimates are not published for particular countries. For example, in the UNAIDS 2012 report, no precise mortality estimates were published for China, India or Russia [5] .
There are several areas for improvements in the estimation of HIV/AIDS that follow from the GBD analysis. First, for countries where the evidence on patterns of all-cause mortality are different than what is implied by UNAIDS, we believe that further work on the age pattern of HIV/AIDS deaths and the robustness of the demographic sources is a high priority. Second, there are opportunities to improve the estimation process in UNAIDS' Spectrum/Estimation and Projection Package (EPP) model to capture heterogeneity in incidence by age and sex in the EPP phase, explore more fully the evidence on the age and sex patterns of death in the Spectrum component and address relatively implausibly narrow uncertainty intervals produced for countries with large epidemics [45] [46] [47] . Third, in countries with complete vital registration, such as many countries in Latin America and Eastern Europe, research on misclassification of HIV/ AIDS deaths is urgently needed to improve the tracking of HIV/AIDS-related mortality. Fourth, research on why verbal autopsy has proven so poor at recording HIVrelated deaths would be important, as verbal autopsy is likely to be more widely collected in many low-resource settings. Moving forward, efforts need be made to collect the best evidence on the evolution of HIV/AIDS and other leading health problems, for this evidence is an essential global public good that can foster a sustained coherent response to current and future global health challenges.
